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Trel ini inzr :~ r.es;?_its 8.i-e r e p o r t a d  f o r  i.-,m pri?bl.t.rrL.is sS.gllrlfic?,ii-k in 
t h e  & o l l o  ;.;.Fjco;;,ysc: 7jel0ei.~7i '-'J ~ o r r ~ ~ t i o n  ~ . ~ ~ ~ i r e i ~ ' 3 e < .  - e f f ~ c t s  02 
making e a r l y  ve loc i - ty  c o r r e c t i o n s  and a c~llir,ar:'~son o f  SPS and RCS cut-  
o f f  e r r o r  pena l t i - e s  a r e  st~:die6-. It i s  concluded - that  an  RCS ~rer -n ie r  
c o r r e c t i o n  c a p a b i l i t y  provicles a v e r y  s i g n i f i c a n t  improvement i n  2er--  
formanee cor~ipa,.red t o  SPS a.l.one c u t o f f  cha ra , c t e r i s t i c s ,  and i f  t h e  ve lo-  
c i t y  c o r r e c t i o n  e r r o r s  a r e  small ,  e a r l y  col-rect ions a'lso p rov ide  p e r -  
formance g a i n s .  

The u s e  of  MSFN naTfiga,t,ion data, f o r  c z l c u l a t i o n  o f  t h e  i n i t i a l  
t rans lun .ar  a,nd t ra .nsear th  g ~ . i . ~ a n c e  cor rec%ions  o f f e r s  t h e  p o s s i b i l i t y  
o f  making t h e s e  cor reckions  e a r l i e r  t l ian i f  sJ~a..r-.land~nark o r  sitnil-ar 
optica.1 d a t a  5 s  t h e  s o l e  na,~-iga, t ional  source .  I f  t h e  nlicicourse fu-el  
cons-o.i~gi;ion i s  t o  be preciicetec? on Yne b3s;i.s o f  e a r l y  c o r r e c t i o i ~ s ,  t h e  
gr0~7.nd. rn1-1~ t h a t  aiissic~fi i.iF3.l be a,bortc?d i f  t h e  e a r l y  g?:ouncl ti-a.ck- 
i n g  i s  no t  ~~rz,il;x'o?_e n1~1.st be  made. I 'h is  s tudy  i s  iiltencled t o  e s t i m a t e  
L l  Lne f u e l  benef i - t s  o f  ear3.y coi:rectioms i n  o r d e r  t o  provi.de a Tja,sis for. 
e s t a b l i s h i n g  o r  d i sca rd ing  t h l s  ground r u l e .  

A second a r a  t h z t  i s  problenlat5.c foi. t h e  g-u.i.c?a,~ice sys-'itla i.s t h e  
large velpcf i ty  elitof f e r r o r  of i;'nc SnS s y s t ~ . ~  clv:cL:~g t h e  "~?.acsee,r?;j) 
phase o f  t h e  mission.  Tne RCS system can conceiva'cly be  used a,s a v e r -  
n i e r  c o n t r o l  t o  a , l l ev i a t e  t h i s  problem. A corflpari.son of  t h e  fv-el. c o s t  
w i t h  a,nd wi thout  t h i s  v e r n i e r  capability i s  inc luded .  

P, lj.nea,rized d e s c r i p t i o n  of t h e  dyca,rnics of  dev ia t ions  from a 
re fe rence  t r a j e c t o r y  i s  u sed  t o  provide  the s t a t i s t i c a , l  a n a l y s i s  o f  
veloci . ty  correct i .on recluire~r~el i ts  . This  technique i s  essent , i . a l ly  i-den- 
t i c a l  t o  t h a t  used. by Eat tTn i n  !J!.IT 1nstrlxi1en'ia.tion I,rrboretory Repcri; 
R-341. Tile digi. ta.l  coi-npu%er mechanization used  t o  genei-a-te de.te, f o r  
t h i s  no te  al loirs  a varia.tj-or1 from Ba t t i r i ' s  formvlat ion,  In t h a t  t h e  
resi.6-ij..a,l e r r o r  a f t e r  a ve l . c~c i ty  c o r r e c t i o ~ i  can be r ep re sen ted  by a coc- 
s ta ,nt  va,riance i n  'che rnagni2iuCe of' t h e  c u t o f f  v e l o c i t y  as well- a s  by 3, 
va r i ance  pv0yor';ions.l t o  t h e  r:~agnitu.cie of t h e  co i ' rec t ion .  A conple te  
mathematica.l clevelopn~ent of t h e  t e c ' n l ~ i q ~ ~ e  u.sed i n  t h i s  ~ t u d y  i s  con- 
t a i n e d  i n  the  a,ppendix. 

ri ).kc. currcr l t  v e r ~ ? ~ o n  of this progran oper::,tes ~n6.t .r  the assu~?~otio.r?_ 

t h a t  t h e  n8;,.~;.:i.gatioL:_ fj-formr,tior! i s  exa,c-t. This  should be a, reasonzble 



Tbro probl.erns were considei-eci i n  t h i s  ir-i~iestigation, e v a l u a t i o ~ l  of 
t h e  b e n e f i t s  of  an earl.y correc t ion capa,bility, and evalua.tion of t h e  
p e n a l t i e s  a ssoc ia ted  with the  l a r g e  SPS veloei.?;y cut,off eyrors  i n  t h e  
tra,nsearth phase. 

I n  order t.o investiga,te t h e  e a r l y  correc t ion benef i t s ,  a bas ic  
cor rec t ion  scl-ied~l.le based on t h e  MIT nominal was assusfled. This sclied- 
u l e  xakes t h e  f i r s t  outbound correct ion a t  8 h3u. r~  and t h e  f i r s t  t r ans -  
e a r t h  l e g  cor rec t ion  a t  14 .5  hours from p e r i c y ~ t h i o r , ,  It wa.s assu~i~ed 
t h a t  a good est:i.ma,te of t h e  s t a t e  coul_d be obta-ined using ground d a t a  
wi th in  two hours from both t r ans lunar  i n j e c t i o n  and t ransear t l l  in jec -  
t i o n .  Accordi.ngl.y, an ea r ly  correc t ion sc$eS:5!!e based on t .his  assaillp- 
t i o n  was compei7eci with the  nominal. 

Er ro r s  i n  v e l o c i t y  coi-rection ap,lica,tion come from three rilajoi: 
sources. f i l - s t  i s  n e t  poi.nt:i.iig e r r o r  6u.e t o  pla'iform nllisa,li?ie- 
ment, t h r u s t  vec to r  misa,Llnem?nt a.iid s-Lezring tiyi;i.,u~~ri.cs. The vari.ance 
i n  point ing e r r o r s  ;?as assur;~cd. t o  be .01. radi., a, value coi~sist.:n"i -r;ri.'ih 
f!lTT cal.cv.:la,tions. There a,re ttro contz.i.buti.oils -'so e r r o r s  i n  r:iagnit;l.de, 
tile s.ccelerorcc-i;er cfi~.a.ntizs,-Lio.n j.exie.l_ and -t':le :;-lc-rte,j.nty i n  thrus:; 
ta , i l - -off .  The a,ccelerometey quant iza t ion le-$el i s  5.85 cm/sec, 01- .I9 
f t / s e c .  For t h e  SPS, t h e  t a i l - o f f  uncerta,inty was assul~led t o  be LOO0 
lb-sees  (based on t h e  SPS spec i f i ca t ion) ,  leacling t o  v e l o c i t y  e r r o r s  
of .36 f t / s e c  f o r  t h e  tra,nsluna.r l e g  (90,009# vehic le)  a,nd 1-65 f t / s e c  
t ranseaxth  ( 1 9 , 5 0 ~ #  v e h i c l e ) .  The RCS tai l- .off '  uncertai.nty i s  -,.re11 
below t h e  qu-anti-zation l e ~ r e l  of t h e  a,cccILerorceter, a.rl2 can be ignore2 
i n  cornpa,:ison t o  it. The r e s u l t i n g  RSS veloci- ty correct ioi l  r:lla,gnitud.e 
e r r o r s  f o r  the  SPS ?.re .1:0 ft , /sec tra.ns1una.y aid. 1.66 f t / s e c  t r a n s -  
ea.rih, aiid t h e  HCS vern ie r  c a p b i l i t y  i s  . l 9  f t / s e c  througliout. 

The v e l o c i t y  correc t iox magnitud.e e r r o r  was f r i rs t  a,ss-i~?iled t o  be 
d i r e c t l y  proporti.ona1 t o  t h e  ms,gnitude of t h e  - \ ~ e l o c i t y  coi-rec%io~. . 
sca,le f a c t o r  of' . 0 l  wa,s ~ ? s e d  f o r  consistency prith N I T  r e su l t , s  i n  t h i s  
a,rea,. I n  t h e  ca,se where t h e  v e l o c i t y  correc t ions  a re  small-, t h i s  l eads  
t o  u.nreasonalc,le accu.ra,cies for  the  system. Accordiiigly, t h e  s t a t i s t i c s  
of a consta,nt ~ra,ria.nce i n  magnitude e r r o r  Irere 1ntro~Iuced., slid t h e  cut-- 
off  p rec i s ions  l i s t e d  above were used. 

A s ingle  circu:nll.~~na,~ t r a j e c t o r y  i.m,s ased  t o  gei~era,te -Lhe tvans i -  
A. bion nia,trices for  tli_is i ; ? , ~ ~ e s t i g a t i o n .  This 1;ras a $~rpical. '<,r.ajeeJiol-,y 
wi th  p~j: i~~ii '~,?c~j .o;? 70.6 hours f'rorn lzi.-i,nc'r! and peri.gee 69 .3 hoi~.rs a f t e r  
pericynt.3ion. The t ra jec tor>r  si3,s genei-a,tcd u.z%ng ule  M;ii,cke in-tegua- 
L . C.J.OII sc1:eiiie a,nd p r e c i s e  ephensi-ides f o r  the  and rnocn. 



A v.nifor~!! s e t  of e r r o r s  i n  in i t , i a i .  conditic.3s a,t ii-a.ns:i.unc.,r la,u:cch 
7 .  

>iF,S use!. ~ . n  3-11 czses,  aili': i.s presented i n  Tz.ijl.? 1. These ej'i-ori. zrc: 
cozlsisJielit with those ass~ilr~ec1 a,t  lflii:, a s  prcsen2L,ed 111 S.G.A. i';iel~:o -#31. 

The r e s u l t s  a r e  presented i n  Table 11. The f i r s t  th ree  cases Ere 
reprodu.ced from liIIll Sfa Xemo #31 ( revised)  f o r  cor-rrpa,rison wi th  l o c a l  
work. Case 1 U-sed a  1 0  a r c  seconcl accuracy sex-la,nt a s  t h e  so1.e naviga,- 
t iori  inforri~ation sou-rce. Ca,se 2 used 'ihe sexta,nt p1~1.s radar range-ra,te 
a t  15  minute i n t e r v a l s  nea,r e a r t h  and- moon, otheyqise a t  30 minute i n t e r -  
v a l s  (128 p o i n t s  transluna.r, 150 tra,nsea,rth) . Case 3 used both  radar  
ra,nge and range-rate at 15 minute i n t e r v a l s  nea,r e a r t h  and moon, o ther-  
wise a t  30 minute i n t e r v a l s .  -4 review.of these  t h r e e  rms i l l u s t r a t e s  
t h e  advantages of radzr  inforriiation, with a  drop i n  cor rec t ive  ve3.ocity 
increment from 3-118.7 f t / s e c  t o  51.8 f t / s e c .  A minor po in t  i s  t h e  adva,n- 
tage  t h a t  t h e  combined i i~forrnation i n  case 2 g ives  on t h e  out-bou-nd l e g  
and t h e  v:nexpla,:ined penal ty  inbou:nd. The Kalnlan f i l t e r  i s  so constru.cted 
t h a t  information i.s %rei.ghted by i t s  p rec i s ion  bef'ore incorporat ion i ~ l t o  
t h e  estima.te, ancl hence i.n theory addi:ng 0pt~ic2.l d a t s  t o  rai~ar- da ta  
should not degrade the  esi;i~~:a,te. The : ~ o c - l i n ~ e r i t y  of t h i s  probleal or 
some inconsistency i n  ruini.ng Yne case ~;ii~.si; acccunt f o r  t h i s  p1?~l!:_ornenon. 

Case 4 i s  a conparison of t h e  loca,l r e svy i s  t o  t h e  IOT program. 
This i l l u s t r a , t e s  thc: e f f e c t s  of tlie assvrqt ion of 'perfecJi infornat'l'.on, 
the f ~ 1 e l  r e p - i r e x e c t  Tor t h i s  case being ?:ol~ghlg 60% of the  correspord- 
ing case 3 wi ih  irfipei-fect info~.~c?~?:i.on. Tne f a c i  t h a t  thz  d i f ference  i s  

, . 
no-k an order of magnitucie o r  more i s  t h e  b a s i s  for the  a s s e r t i o i ~  ti-s-t 
t h e  l o c a l  r e s u l t s  a r e  s i g n i f i c a n t  prith a,ppropriz,te adju.strnents i n  magni- 
tude . 

Case 5 i s  t h e  same a s  case 4 except t h a t  t h e  f i r s t  translu-nar cor- 
r e c t i o n  i s  made a t  1 . 5  hours ra,ther tha,n a.t  8 hours from boost cv-toff, 
and the  f i r s t  tra,nseart,h cor rec t ion  i s  made 2 hca-u-rs af'ier pericynt'nion 
r a t h e r  than a t  111.4 h r s  . The sairings i n  correctlive v e l o c i t y  recp~.ire!nmt 
i s  s ignif ica,nt  (28'5) and can be a-ttri.'nu.ted c l l ie f ly  t o  t h e  f i r s t  t r a n s -  
lunar  cor rec t ion  irrrprovenie~lt. This i s  l o g i c a l ,  s ince  t h e  veh ic le  i s  
moving out  of a, s trong grasi ta , t iona, l  f ie lc l  aJiC t h i s  time ancl e r r o r s  pro- 
pagate ra,picUy under these condi t ions .  

Inspect ion of the  second a;nd t h i r d  cor rec t i cns  both outbound a,nd 
inbou.nd revea l s  t h a t  they a.re so small a.s t o  be ir!rgra,ctical. I~ioreover, 
tlle f a c t  t ,hat the  e r r o r s  i n  the  v e l o c i t y  correckion are sca led  t o  i . t s  
niagnitude causes t h e  res id~xa l  eTiqoys a f t e r  these  correc t ions  .to be 
infinitesimal. I n  order t o  ge t  a, more rea l i s t r i c  resul-L, v e l o c i t y  cut-  
o f f  e r r o r s  with a consta.nt variance i n  megnitude r.r?re represented.  



Ca.c:i.s 6 and 7 cot-~stant n:a:~..ri-[,?j!5.e 0---- -L~e~-j..e,nee rc:;;c::IJis coilsi~i.tc;?t 
.. f ? .̂ iii ,Li i;lq:j SIjS cut-of;, cc)ndi.-L:i.cas for l 2 . t ~  ~ll. c:?,r].y f i r s t  cori.e~---tS~c>ris 

resy,cct-jvely. '-i'he rep1 ,- . .- < sd c+-r L - c cut- .orc c.LV~ -.~*-,.n---. ;!_li:;~z.if-j'. tI2?_ ~ e l ~ c i - ' - - -  ~y ~ ~ Q ~ ~ l . l ! : < ? -  
- - - 

m-nt considei'a,'~Iy. C011rpa.ris01~ of tile ea,r!.y a. rd  la-i;e coi-.rectic>n c:!.ses 
revea1.s th@.t i;il_c c.dyn,rit.age of the  e21:l.y c o ~ . r e c t i ~ f i  kn:; d~;cyease<. s iccc  
the  ea r ly  correct ion t ransear th  ac tua . l .1~  cos t s  i-ilore than t he  la-be tor- 

rec t ion .  T'ni.s i . ~  a.i;tributed t o  the  fa,ct t h e t t h e  cut-off eri-ors a,t 
t r ansear th  boost a r e  now co~ipa.rable i n  ~.ciagn?:.tucle t o  the  e r ro r s  i n  velo- 
c i t y  correct ions ,  a:nd the  f i r s t  correction i s  rna,cle so ea,rly t h a t  it 
merely replaces  one s e t  of  erTors with another of  l i k e  magnitude. In 
f a c t ,  the  res-ui ts  indicate. t h a t  even the  l a t e  f i r s t  correction ca..se 
would  bei1efi.t from f-ur-Lher belay. A corn'oi.nat-i.on of ea r ly  f i r s t  tor-. 
rec t ion  t rans lunar  and l a t e  f i r s t  correct ion t r a a sea r t h  would give a 
6 .r,$ irprove~:lent . 

Cases 8 and 9 a r e  again consta,nt ma,gnitu.de r e s u l t s  asstuning t h a t  
RCS vernier  correct ion capab i l i ty  e x i s t s .  The smaller cut-off  e r r o r s  
give ri~i~ch be t t e r  r e s u l t s ,  yield-ing nea,rly 60% irfipvovement. This indi-  
ca tes  the  extreme desiraJbil i ty of ha,ving the  vern ie r  cz,pability. A 
c o r ~ a r i s o n  of early and l a t e  correct ion schedu-les in&i.cztes t h a t  t h e  
ea r ly  correcti-on i s  nlore p ro f i t ab l e  ~ 5 t h  the  RCS cut-off  e,ccuracy, pro- ' 

.i ~ ~ o v e m e n t  . viding a, 19% iq 

r ,  , . Illis note repor t s  a, prelir:~ins,i-y i '~~wes?;~ga. t ion of 4-pol1.o mid.-csu"sr 
ve loc i ty  co'rrection recluirem?nts, i n  pa,rticui.ar cov-ering tiie benef i t s  
of e a r l y  correct ion czpa,bil:ity and the  re l -a t ive  cos t  of SPS a,nd RCS cu.t- 
o f f  e r ro r s .  A l inea,r ized representa t ion of t he  problenl  as used +rith 
t he  a s s~~mpt ion  t h x t  pe r f ec t  n.a.vigation informa,tior-i was a,va.il.a'ole, a,nd 
t he  capab i l i ty  of using e i t he r  a  propor t ional  o r  constant  s t a t i s t i c a , l  
variance i n  the  rnagnitu.de of tkie ve loc i ty  correction.  

In  sm-rnary, it i s  a,sserteci t;ha,t t h e  cases run ~ i t , h  the  ass~il-rption 
of pe r fec t  i r ~ f o ~ n ~ a t i o n  pro7rid.e s i gn i f i c an t  cpa.lita-Live resu.1.t~. The 
propor t ional  variance i n  ve loc i t y  correc'iion nlagnitude i s  unrea , l i s t ic  
f o r  cases of t h i s  type.  The SPS cv-t-off cha r ac t e r i s t i c s  cause a heaxy 
penalty i n  pe~ fo rnance ,  ~ i h i c h  can Ts? a,lI.evi.a.ted by u-se of KCS vern ie r  
correct ion cz,pabil i ty.  I f  resii~~1.a.1 er rors  i n  Yne ve loc i ty  correct ions  
ai:e small, an ea r ly  correct ion capab i l i ty  p ro~~ ic l e s  signifi.ca:n-t savings 
i n  ve loc i ty  recluiren~ents . 



!> R klti tuck, ft . 
R Ra.nge 
R Track 

&V Alt i tude,  f t / s ec  
LV Range 
6~ Track 

2 .  Transearth 

SR ~ l - t i t u . de ,  f t .  370. 
5 R Ra,rlge 1110. 
$,R Track 
C - 

897. 
J V  flltitucle, f t / s ec  2.43 
'rV Ka.nge .811- 
i-,V Traclr 2.35 

VELOCITY CORRECTION ?'I:E@< SCFXDUIiES 
-___--__-~-.---------.-------P- 

Correction Piu:r~?ber L'a, t e Ea,rly 

1. a t  8, k r s .  
2 .  a t  57. h r s .  
3. a t  69.6 h r s .  
4. a t  85.  h r s .  
5 .  a t  130. h r s .  
6. a t  139. h r s ,  

1 . 5  h r s .  
57. h r s  . 
69.6 h r s .  
72.6 h r s .  

130. h r s .  
139. h i s .  



CASE 1 2 3 4 5 6 7 8 9 
Pointing Error  ( ~ a , d s )  .01 .01 .01 . O 1  .01 .01 . 01 .01 . C1 

1'4 

Scale Factor ('+,.J , %,i ) .01 -01 .01 .01 .01 - - - - - - --- --- 
?V Translunar (fi;/aec) - - - - - - - - - --- --- .4-0 .40 . I 9  .3-3 

\-?j' Transearth - - - --- - - - - - - - - - 1.65 1.65 .I-9 .3-9 

F i r s t  Corrections 

\ Ti l  ( f t / s ec )  

r.V2 

I V3 

' V Translunar 

*!\7J4 

\ v 
5 

' \TJ,  

!? 
'J r i  lranseart:? 

, V Tota l  

,'.;i ?cr.i1?-1~.e ( f t . ) 
'-: l?crilune ( f t / sec )  (I- 

5.6 sextant  KSFS I- MSFN 
Sextant 

Late Late Late Late 

Per fec t  Per fec t  Per fec t  Tcrfect  Per fec t  

Ear ly  Late Early L ~ i e  

15.21 22.43 15 .21  22.'5 

1.98 2.84 4-96 I.. 50 

.44 6.98 5.96 2 -87 

17.63 32.25 26.111 26.8~ 

3.58 l+ -78 3.58 4.78 

12.08 16.12 1 .35  

.13 41.87 41.38 11-53 

3.90 58.73 61.59 10.65 
21.53 90.98 87.73 37.45 

25. 1,498. 1,463. 703. 
2.22 7.98 7.74 LL . 31 

7. 7,087. 7,088. 639. 

1.25 45.78 54.31 L3.2.5 



The al?z,lysis o:f <:.his pq,e l -  i.3 ba,ssd a, l i .nea- , . i zs i  ?,-epi.esenk~,'i;io:1 of 
deviat ions from a, nomina,l t r a j e c to ry .  Define a sta'ke vector  cons i s t i ng  of 
t he  pos i t ion  a,nd ?relocity vec'iors; 

, 

The d i f  feren- t ia l  ecpation governing - x ( t )  i s  ; 

 here g i s  perfkrbing a,ccelerations due t.o bodies o ther  than the  reference 
body. -!?f x i s  varied,  a f i r s t  ord-er per turbat ion can be generated using 
t he  eciua,tion 

wher.e, i n  pa,ri;j.tioned form, 

a n c i r .  i s  t he  ~ o s i t i o n  vector  from an a t t r a c t i n g  body t o  t he  vehic le ,  
/'-: j tAz associa ted grz,vitationa.l. parameter . 

For the  linea,~: d e ~ l a t ~ i o n s ,  it i s  now poss ib le  t o  define 8, t r a n s i t i o n  
matrlx, $, where 

This matrix has the  propei.ty of uqci.ating the  deviat ion sta-be, 



The guidance prob3 ein 5.11 t h i s  l i -near ized rrlodel cons i s t s  of extrapola,ting 
devi.a,tions uyi t o  a, correction til;le (ic), then solving f o r  the  recp.lrecl 
ve loc i t y  t o  n u l l  t he  pos i t i on  devia t iocs  at the  t e r r i n z l  t h e  (T). Then 

where ( t - )  denotes deviat ions p r i o r  t o  the  correct ion.  Since we a r e  not  
C 

f r e e  t o  madnip-i-la,te the  p o s i t i o n  deviat ioc,  

Now t h e  termina,l conciitions a r e  

and t h e  bour~da,ry condit ion i s  

Combining (6), (9), and (lo), we f i n d  t h a t  

Accordingly, we can cnlcula,te t he  recl-aired ve loc i t y  increment aJi a cor- 
r e c t i on  time by 



where the  E opera'ior denotes the  ma,i;hema,tlcel e-qectati.on . Extrzpol.ation 
of the  x ma,trix i s  ev-id.en2ily c?,cconiylri. shed by 

- .+ 

Again, l e t  us  p a r t i t i o n  x f o r  convel-~ience sake a s  -> 

The covariance rna.,ti-ix f o r  a ve loc i t y  correct ion can be defined a s  

i f  we rewri te  (12)  a s  

-. \, 
. 8 where A = , .  

The RSS magnitude of the  ve loc i t y  correctior!. i s  derived from 

where :- ,,. . i s  t he  va,ria,nce i n  covr~ection f o r  our l i n ea r i z ed  system. .., 

The remaining problem i s  representa t ion of r e s i dua l  e r ro r s  fror~l a, 
vd .oc i t y  correctLon. It i s  a,ssl~111eii, t l ia t  ve loc i t y  cor-recJiFons a r e  a-pplieci 
impvlsFvely, a,nd hence tl12.t no a ,d .d i t i~nal  posi- t ion errors  a,cci:ue cluring 
cor rec t ions .  Ts.;o types of ve1oc:it-y c0r~ect2.oi-l e r r o r s  were co~is idered.  
The firs-t coiisistecl of an e r r c r  i i i  ma,gnii;u.cie which i s  d i r e c t l y  p:.'oportional 
t o  t.he correctioi.1 ~:.sglzi'~ucle d.e..relopec?t by S a t t i n  of KIT i n  h i s  ~--34.2., 

,..-_ ~ u c ~ e  erx30i- ~ r i t h  consts,rrt varinnc e indcl??ndezt cf The seconcl. a,ssuIil:,ss a ~:~ani?i'- 
t h e  correc t i oc  na,gr?i.tude, ~,'?d. i s  6zveloped bel.o:;r, 



/I 

~rhe re  tix\; i s  t h e  clesired ve loc i t y  correct ion.  Tie ac tua l  ve loc i t y  .:, s , correc- 
t i o n  i s  s ~ b j e c t  t o  a:i addi t ive  incye;ilenta,l e r ro r  S.n n l ag~~ i i t~~de ,  - , and . . 

an o f f s e t  angle ?: i n  some pola,r o r i e n t a t i o ~  G. If '5 i s  assuned t o  be 
sma,ll, then t h e  ac tua l  veloci-ty cor rec t ion  can be approxirnatecl by 

I 

(.. 1 1 
The e r r o r  i n  the  ve loc i t y  cor rec t ion  i s  wr i t t en  

,' t, 

.~ . i . .. -. 
Assui;c tha,t. i:: i s  i.i&pender't 8;nd uniiori.d.y cl is ir ibvied over , s i i c1  t h e  

?, a ~ d  ' - ,  : P;lse i~deppr~f ien t  ra,r:c',al!i_ vari&'nl-en -iiit!l zero mean a,nd mean 
squa,:ced -a,li;es and , . Final ly ,  the covariaiice % of , .  t h i s  e r ro r ,  
express& 8,s a per tu f ia t iop  t o  the  feu-rih ~ ~ ~ ~ ~ : . t i - L i . o n  oif ;. : ..: , i s  

7. - 

I n  essen- t i a3 . l~  the  same mr,,ix?er, Ba t t in '  s  e r ro r  represen1ia,tion .- i s  

, i ,, ',, ' \ . .  . 1 . .  , i 
'l ,,  \ i -.- 3 --. ( .\ , ,<:,- .) \,-:i k>> J!,: , I 'x, 5 - :, ; ..\, ;,:::; !, (21) 

,I 1 i 

 here K i s  a ranciom sca le  fa,ctor fo r  t he  correct icn .  For thi-s t'ype of 
e r ro r ,  

- - 

The a700ve cievelopment cont,ains a l l  t h e  elements required t o  a-nalyze 
the  correct ion recl~~?.rer~ents f o r  a  mission. To svrcilma,rize the  Ca.lcula,tion 
proce&llre, f i r s t  a s e i  of coi.rsction t i x e s  i s  se lected,  a,!l? tra.r?sition 
;~~a,tr i .ces br<.dgi.ng -Lher!l a,nd er:'ij.'a,por).&ti.flg i^rozl each correct ion t h e  i'.? 

tenni.nal t i  rie a re  gecei.a.t,ed.. cova,:t:iarLce nlatriii: of i n i t i a , l  e._'iOI-S i s  
then prqoagated i o  i h c  firs' cor~ec-Ston ti!iiz as  i n  (14), and the  rsclili-Y~CI 



, . c0_'_-1n-,._ ~~e].ocii;y I r t,. i c-in cs,l cvlated 'DL~ ((1.5) . TIE cc~rrectiori  is s.dCed ' i , ~  X 
, . &.o;~g :rith t he  -s iuci~-Led.  c:orrzcixon execution er:.cr f'~:i~v: ei:ther (29) or  

- .  . 9 ,  3 .  , - 
(22) . Ti?e Ee:fii ;<!. ~r!s,-ii-i-; 1s -ir_en prc=egl;:,ted t o  'i11e next C C ) ~ " ~ : ~ C - ~ : I - G L ~  ~.l.~i.e 

and the  process is repeated.  After  the  fini7,l. correcti-on, the  X matrix 
- 

is pr.cpsi;?.tcd. the  t,t.ri:li!i.l. t o  cl.ete-r~rxi.re vai.ir;n.ccs ?.a ;oosj.ti.cn 
and ve loc i t y  a t  ti?st point ,  using the re la t i -on 

( 3  

where \J- . i s  the .I component of t h e  var iance  s t a t e  vector .  1 - f 


